Highly segregated macrostructures tend to develop during processing of hypermonotectic alloys because of the density difference existing between the two liquid phases. The '-4.6 seconds of low-gravity provided by Marshall Space Flight Center's 105 meter drop tube was utilized to minimize density-driven separation and promote unilonn microstructures in hypermonotectic Ag-Ni and Ag-Mn alloys. For the Ag-Ni alloys a numerical model was developed to track heat flow and solidification ofthe bi-metal drop configuration. Results, potential applications, and future work are presented.
eliminate gravity induced sedimentation and promote a uniform dispersion of L11 (eventually S) in the S matrix. Unfortunately, results of experiments conducted in reduced gravity still, for a number of reasons13, exhibited highly macrosegregated structures. The intent, therefore, of this work is to demonstrate how a low-gravity environment can be successfully utilized to produce spherical composites in which one phase is uniformly distributed within the other.
EXPERIMENTAL PROCEDURE
Pieces of nickel and manganese were arc-melted to a near spherical shape on the order of 2.5 and 4.5mm in diameter. The height of the miscibility gap suggests that liquid silver (L11) will preferentially wet both solid (S1) manganese and nickel5. This is confirmed in Figure 2 which shows silver (weighed to eventually surround the core with a 0.5 or 1mm thick layer) that, after melting, wetted the nickel spheres. The overall "bulk" alloy compositions were approximately Ag -27 or 48 wt pct Ni and Ag-44wtpctMn. Samples such as those shown above were positioned in the belljar atop Marshall Space Flight Center's 105 meter drop tube6; for these experiments the tube atmosphere consisted ofa helium -6% hydrogen mixture. A given sample was then raised into the electromagnetic (EM) levitator coil and a pyrometer, calibrated to the observed melting of the silver (960.8°C), monitored the sample temperature. Figure 3 shows a typical time-temperature plot, in this case for a Ag-Ni droplet. The horizontal in the trace corresponds to melting of the silver and the sharp drop denotes the sample release temperature. In these experiments the nickel core remained unmelted whereas for the. Ag-Mn alloys the temperature could be raised into the twoliquid region. 
EXPERIMENTAL RESULTS
The retrieved samples were spherical with the few dents a consequence of impacting the bottom. The surface of the nickel-silver sphere was shiny and showed no evidence of the nickel core; the surface of the Ag-Mn sphere was dull. For both alloys the sample weight before and after processing varied by a few thousands of a gram. The processed Ag-Ni spheres were appropriately sectioned7 and metallographically prepared. Figure 4 shows an overall spherical sample with impact denoted by the flat The nickel core is surrounded by silver but not ideally centered. Ideally, the nickel core of the composite drop should be centrally located. An obvious reason is the non-sphericity of the initial nickel droplet. In view of the experimental procedure, and other reasons previously discussed7, while liquid silver will wet and form a sphere about the nickel, the shell can never be uniformly thick. Initial modeling of the composite drop's thermal history has also been reported7. Briefly, the interfaces between the solid and liquid phases as well as the interface between the two materials and the outer boundary ofthe composite are assumed spherical. Here a core of material A (nickel) is surrounded by a shell of material B (silver). The radius of material A is designated R1 and the outer boundary radius is given as R0. R1 and R remain fixed throughout time. Material B occupies the region R1 < r < R. Within materials A and B, one phase (either solid or liquid) or two phases (solid and liquid) are present. In the latter case, the solid-liquid interface within material A has a radius denoted by RA(t) and the solid-liquid interface within material B has a radius denoted by RB(t), both of which are functions of time.
The derived bulk heat equations, interfacial conditions and auxiliary boundary conditions, given an initial temperature profile and initial solid-liquid interface positions, can be solved for the positions Rj 
Radius
As the composite sphere fully solidifies within the 4.6s free-fall time the model appears accurate but is not verified. Work is continuing to expand the model which will then be tested by suitably tailored experiments.
The above treatment is not directly applicable to the experimental results observed with the Ag-Mn alloys. From recorded temperature data and examination of Figures 1 and 5 it can be assumed that the alloy was in the two-liquid region prior to release. The high melt velocities predicted to cur1 in electromagnetic levitated droplets would serve to effectively mix the two liquids. This could account for the fine and uniform distribution of the manganese dendrites (S1) which initially solidify from the melt. Work to provide a quantitative explanation ofthe observed microstmcture is ongoing.
A novel method ofproducing and characterizing spheres having uniform phase distributions from otherwise ininiiscible and difficult to process materials has been demonstrated. As the technique permits significant variation in component materials and their respective volume fractions a number of potential applications can be envisioned. Here unmatched microstructural uniformity can be gained, particularly in combinations of different sizes and materials. Finally, the model developed can be used to guide future studies and fabrications ofcomposite spheres.
